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(54) Apparatus and methoda for completing a wellbore 



($7) Apparatus and methods tor completing a well- 
bore are discloeed. Certain ol the apparatus and meth- 
ods use a first packing assembly (202), a second pack- 
ing assembly (204). and a pressurization assembly 
(206) disposed between the first and second packing 
assemblias to plastksDy deform a liner (122) in a radially 
outward direction via hydraUlc pressure. Another meth* 
od uses a liner (602) having a first aaclksn (604) and a 
second sectkm (606). and a pacMng aseambV (600). 
The first sectnn (604) isdafonnable ha racfiallyouhward 
direction at a lower pressure than the second section 
(606). The packing assembly (600) is used to pla8tk»lly 
defonn the firet section (604) of the liner (602) in a ladi- 
ally outward direction via hydraulic pressure. 
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Ddterlption 

[0001 ] The present Invention pertav^s to tho comple- 
tion o( wellbores. and, more particutarly. but nd by way 
ol limitation, to impreved apparatus and methods for 
completing lateral wellbores m muttllaterai wells. 
[0002] Horizontalwelldrillingandproductlonhavebe* 
come increasingly important to the oil industry in recent 
years. Wtiiie horizontal wells have been known for many 
years, only relatively recently have such wells been de* 
termined to be a cost-effective attematlve lo convention- 
al vertical well drilling. Although driUing a horizontal well 
usually costs more than its vertical counterpart a hori- 
zontal well frequently rnprovos production fay a factor of 
five, ten. or even twenty h naturallyfracturad reser- 
voirs. Generally, projected productivity from a horizontal 
weObore must triple that of a vertical weibore for horf- 
zontaJ drilling to be economical. This increased produc- 
tion minimizes the number of plaflonns. cutting Invest- 
ment, and operation costs. Horizontal driQing makes 
reservoirs in urban areas, permafrost zones, and deep 
offshore waters more accessble. Other applications for 
horizontal wellbores include periphery weBs. thin reser- 
voirs that would require too many vertical wellbores. and 
reservoirs with coning problems in which a horizontal 
wellbore lowers the drawdovm par foot of resent ex- 
posed to 8k)w down coning problems. 
[0003] Some vtrellbores contain multiple wellbores ex- 
tending blerally from the main wollbore. These addition- 
al lateral welltxKes are sometimes referred to as drain- 
holes, and main wellbores containing more than one lat- 
eral wellbore are referred to as multilateral welb. Multi- 
lateral wells aUow an increase in the amount and rate of 
production by increasing the surface area of the well- 
bore in contact with the reservoir. Thus, multitateral 
wells are becoming hcreaslngly important, both from 
the standpoint of new drilling operatk)ns and from the 
reworking of existing wellbores. Including remedial and 
stimulation work. 

[0004] As a result o( the foregoing increased depend- 
ence on and importance of horizontal vwlls, horizontal 
well completkjn. and partk;ularly multilateral well com- 
pletion, have been inrportant concerns and continue to 
provide a host of difTicull problems to cvercome. Lateral 
completk)n, particularty at the junction between the main 
and lateral wellbores, is extremely important to avoid 
collapse or the wellbore in unconsofidated or weakly 
consolidated formations. Thus, open hole completfons 
are limited to competent rock tormattons; and. even 
then, open hole completions are inadequate since there 
is limited control or ability to access (or reenter the lat- 
eral) or to isolate producikxi zones within the wellbore. 
Coupled with this need to complete lateral wellbores is 
the growir^ desire to maintain the lateral wellbore size 
as cbse as possble to the size of the primaiy vertical 
wellbore for ease of drilling, completkxi, and future 
wofkover. 

[0005] The problem of lateral wellbora (and particu- 



lady multitateral wellbore) completion has been recog- 
nized for many years, as reflected in the patent litera- 
ture. For example. U.S. Patent No. 4.807.704 disctoses 
a system for completing multiple lateral vi^abores using 

s a dual packer and a deflective guide member. U. S. Pat- 
ent No. 2.797.693 disctoses a nrathod for completing lat- 
eral wells using a flexible liner and deflecting tool. U.S. 
Patent No. 2.397.070 similarly describes lateral well- 
bore conpletion using flexible casing together with a 

ro cloeure shieU for ctosing off the lateral. In U.S. Patent 
No. 2,658.107. a removable wh^pstock assembly pro- 
vktes a means for kxaling (e.g. accessing) a lateral sub- 
sequent to completion thereof. U.S. Patent Nos. 
4.396.075; 4.415.205; 4,444.276; and 4,573.541 afl ro- 

rs late generally to methods and devices for multilateral 
completksns using a template or tube guide head Other 
patents of general Interest In the fieU of horizontal well 
conY>letk3n include U.S. Patent Nos. 2.452.920 and 
4.402.551. 

» [00061 rocently. U.S. Patent Nos. 5.316.122; 

5,353.676; 5,368.646; and 5.520.252 have disctosed 
methods and apparatus for sealing the juncture be- 
tween a vartteai weH and one or more horizontal wells. 
In addition, U.S. Patent No. 5.564,503 disctoses several 

2S methods and systems for drilling and completing mulU- 
tateral wells. Furthermore. U.S. Patent Nos. 5,566.763 
and 5.613.559 both disctose decentralizing, centraliz- 
ing. k)cating. and orienting apparatus and methods for 
multilateral well drilling and completkm. 

30 (0007) Notwithstanding the above^tescribed eftorts 
toward oblainingcost-eftective and woricable lateral wen 
drilling and oomplettons. a need 9titl exists lor improved 
apparatus and methods for completing laterat well- 
bores. Toward this end. there also remains a need to 

35 increase the economy miateral welbore completkxw. 
such as. for example, by minimizing the number of 
downhde trips necessary to drifl and oonnplete a lateral 
wellbore. 

[0008] The inventkyi relates to apparatus and meth- 
^ ods for corr^leting a wellbore. In one prefened embod- 
iment the apparatus and methods use a flrsi packing as- 
sembly, a second packing assembly, and a pressuriza- 
tion assembly disposed between the first and second 
packng assemblies to plastcally deform a finer in a ra- 
45 ctialty outward direction via hydraulk; pressure. Another 
preferred embodiment uses a liner fiaving a first sectnn 
and a second sectton. and a packing assembly. The first 
section is defdrmabte in a radially outward directkxi at 
a tower pressure than the second sectkxi. The packing 
so assembly is used to plasticaDy deform the first sectkxi 
of the liner in a radially outward directkan via hydraulk: 
pressure. 

[0009] One aspect ol the present inventton comprises 
a oompletkxi apparatus for ooupSng to a wori( string and 
ss for use within a Kner of a wellbore. The oompletkxi ap- 
paratus includes a first packing assembly for creating a 
fluid light seal against a liner in a wellbore; a secorxJ 
packing assembly for creating a second flukl tight seal 
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against the fner. and a proseurizatton aseombly (fis> 
poeod bet¥veen the first and second packing assem- 
blies. 

[0010] In another aspect the present invention oonv 
prises a method ol oompleting a wellbore. A liner is dis- 
posed in a welltxxe. A first packing assembly, a pros* 
sufization assembly, and a second paciting assembly 
are coupled to a work string. The work string is run into 
the liner. A fluid tight seal Is created between the first 
packing assembly and the liner, and a fluid tight seal is 
croatod between the second packing assembly and the 
liner. Fluid is pumped down the work string to the pres- 
surizBlkxi assembly. The pressurizatksn assembly an^ 
fluid are utilized to pressurize an annulus defined by the 
pressurizatksn assembly, the liner, the first pacUng as- 
sembly, and the second packing assembly. The pres- 
sure In t^e annukis Is increased so as to deform the liner 
in a radially outward directkm. 
(001 1] In a further aspect, the present invention com- 
prises a method of completing a wellxjre. A Bner is pro- 
vktod having a first sectkxi and a second section. The 
first section is deformable in a radially outward direction 
at a kywer pressure than the second sectkxi. The liner 
is disposed in a weDbore. A packing assembly is coupled 
to a work string, and the work siring is run into the liner. 
A ftukJ tight seal is created between the packing assem- 
bly and the liner. Fluid is pumped down the work string 
to pressurize an interkx of the liner after the packing as- 
sembly The pressure in the interkjf of the liner is in- 
creased so as to detorm the first sectkxt of the liner in 
a radially outward directkyi. 
[0012] Rsference is now made k> the accompanying 
drawings, in which: 

RQ . 1 is a schemata, cross-eectkxial view of a por- 
tion of a muRilateral well Including a junctton be- 
tween the main weltoore and a lateral welfbore; 
RQ. 2 is a schenriatc, cross-sectional view of FIG. 
1 showing a portion ol the sealing operation per- 
formed during completkxi of the teteral wetlbore; 
FIG. 3 is an enlarged, schemaifc. cross-sectional, 
fragmentary view of the junctkjn of FIG. 1 showing 
a schemat c view of a first embodiment of an appa- 
ratus for completing the junction eooording to the 
present irwention; 

FIG. 4 is an enlarged, schematc. cross-eectk)nai 
view of a first embodiment ol a packing assembly 
of the completkxi apparatus of FIG. 3; 
FIG. 5 is an enlarged, schematic, cross-sect kxial. 
view of a second embodimerU ol a packing assem- 
bly of the completion apparatus of FIG 3; 
FIG. 6 is an enlarged, schematk:, cross-seclkrol 
view of a pressunzatkxi assembly of the completion 
apparatus of FIG. 3; 

FIG. 7 is an enlarged, schematk:, lop sectional view 
of an alternative embodiment of a lateral liner used 
in connection with the present invention; 
FIG. 6 is an enlarged, schematic, cross-sectional. 



fragmentary view of the [unction of FIG. i showing 
a schematic view of a second embodiment ol a 
packing assembly and a liner for completing the 
junctton according to the present inventton; 
5 FIQ. 9A is an enlarged, schematic, croea-sectional. 
fra^nentary view a first embodiment of the liner of 
FIG. 6; 

FIG. 9B is an enlarged, schematic, croee-eecttonal. 
fragmentary view of a second embodiment of the 
10 liner of FIG. B; and 

FIG. 10 is an enlarged, schemata, top sacttonal 
view of a secorKi aRematlve embodiment of a lateral 
liner used in connection %vith the preeent invention. 

15 [001 3] The preferred embodinrwnts of the present in- 
vent ksn and their acA^antages are best underetood by re- 
ferring to RQS. l-10or the drawings. Ike numeials be- 
ing used for like and corresponcfing parts c4 the various 
drawings In accordance with the present inventksn, var- 

^ bus apparatus arxl methods for completing lateral weB- 
bores in a multilateral weH are deacrt>ed. It will be ap- 
preciated that the terms 'main" or "pfimary' as used 
herein refer to a makx well or weltbore. whether the mar 
well or wetlbore is substantially vertical, substantially 

^ horizontal, or in between. It will also be appreciated that 
the term 'lateral* as used herein refers to a deviatkm 
well or wellbore from the main well or wellbore. or an- 
other tataral well or wellbore. whether the deviatton is 
substantially vertk^. substantially horizontal, or in be- 

30 tween. It will further be appreciated that the term *veni- 
car as used herein refers to a substantially vertical well 
or weltwe. and that the term "horlzontar as used here- 
in refers to a substantially horizontal well or wellbore. 
[001 4] In the overall proceee of drilling andoompleting 

X a tateral wellbore in a multilateral welt, the tolkiwing gen- 
eral steps are performed. First, the main weHbore is 
drilled, and the nr^tn wellbore casing Is installed and ce- 
mented into place. Once the desired location for a junc- 
tkxi is ktentified. a window is then created in the main 

40 well>ore casing using an orientation device, a mullilal- 
eral packer, a hollow whipstock. and a series of mills. 
Next, the lateral weObore is drilled, and a liner is dis- 
posed in the lateral welBx>re and cemented Into place. 
A mtS is then used to drill through any cement plug at 

^ the top of the hoftow whipstock and any portton of the 
tateral welbore liner extending Into the main wellbore to 
reestablish a fluM oommuncating txxe through the main 
weltxxe. Finally, tn some lateral wellbores. a window 
bushing is disposed within the main wellbore casing, the 

so hollow whipstock. and the multilateral packer. The win- 
dow bushing facilitates the navigation of downhole tools 
through the junctton between the man wellbore and the 
lateral welbore. 

[0015] The present invention is related to a portion o< 
55 the above-described process, namely the oompletton of 
the junctton between the main welbore and a lateral 
welbore. However, as described atxTve. certain other 
steps are performed before such a junction may be com- 
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pleted. Referring now to FIG. 1. an exemplary junctiqn 
1 00 between a main wellbore 1 02 and a lateral welbore 
1 04 is inusirated. Main wetBxKe 102 is drilled using con- 
ventional techniques. A main wellbore casing 106 is in- 
stalled h main wellbore 102. and cement 108 is dis- 
posed between main wetlbore 102 and ma\n wellbore 
casing 106. using conventional techniques. 
[0016] Ashoarable work slrlnghavinga windowbush- 
Ing locating profile 110. an orientation nipple 112. a mul- 
titateral packer assen^ly 114. a hollow whipstocfc 116. 
and a starter mill pik>t lug (not shown) is run into main 
wellbore casing 106. Certain portions of such a work 
string are more fully disctoeed in U.S. Patent Nos. 
5,613.559; 5.566,763; and 5.501.281. The work string 
is tocated at the proper depth and orientation wfth\n main 
weBbore casing 106 using conventional pipe tally and/ 
or gamma ray surveys for depth and measurenrtent while 
drilling (MWD) orientalion tor azimuth. Packer assombly 
1 1 4 is set against main welbore casing 106 using slips. 
packif>g elentents, and conventonal hydraulk:, mechan- 
ical, or hydraulic end mechanical setting tec^kfues. 
[0017] Using technk^ues more completely descrtoed 
in the above-referenced U.S. Patent Nos. 5,613,559; 
5,566.763; and 5.501.281. whipstock 118 is used to 
gukle work strings supporting a variety ol tools and 
equipnwnt to drill and complete lateral well bore 104. 
First, a series of mills, such as a starter mill, a window 
mill, and a waternwton mill are used to create a window 
120 in nrwin wellbore casing 106. Next, a drilling motor 
i6 used to drill lateral wellbore 104 from window 120. A 
lateral wellbore liner 122 is then disposed within lateral 
wetlbore 104. and sealant 124 is disposed between lat- 
eral weDbors 104 and Sner 122. 
[0010] More spedfcally regarding the steps of <fis- 
pofting and sealoig liner 122, liner 122 preferably has a 
generally cylindrical axial bore and a generally cylindri- 
cal external surface. Liner 122 is preferably made from 
steel, steal alkjys. plastk^. or other nnaterials oooventon- 
ally used for lateral liners. A work string 128 having a 
liner hanger 1 30, wiper plugs 1 32 and 1 33, and Kner 1 22 
is run down main wellbore casing 106 until liner 122 is 
deflected by hoUow whipstock 1 1 8. Th is defiection caus- 
es liner 122 to be disposed in lateral wellbore 104 and 
Junction 1 00. Uner hanger 1 30 and vriper plugs 1 32 and 
133 remain disposed above window 1 20. Liner hanger 
IX is then set against main wellbore casing 106 using 
convontkytal techniques. 

1001 ft] Referring to RGS. 1 ar>d2. cementing of lateral 
welibore 1 04 may be accompBshed by either one or two- 
stage cementing depending on the length of wellbore 
104. Typically, the length of lateral weltoore 104 is such 
that two stage cementing is preferred. In a two-stage 
cementing operatkx), liner 122 is equipped with a stage 
cementing tool 1 38. Stage cementing tool 1 38 is initially 
in a first positkan that allows flukj communication within 
liner 122 past tool 138. but does not altow flukJcommu- 
nk:atkxi from liner 122 into the annulus behween liner 
122 and lateral wetlbore 104. A first stage of cement 



I24a is pxmpoa down driO string 128 arKi out a lower • 
end 1 36 or liner 1 22. First stage of cement 1 24a is pref- 
erably a conventional cement or conventional haidena- 
ble resin. r4ext. a conventional wiper dart (not shown) is 

5 pumped down drill strng 1 28 to land at wiper plugs 1 32 
and 133. After landhg. appfied pressure releases wiper 
plug 1 32 and altows it to be pumped down to, and seal 
off. bwer end 1 36 of liner 122. This displacement of wip- 
er plug 132 causes first stage of cement 124a to flow 

to throughout the annulus between liner 122 and lateral 
wellbore 104 up to stage cementing tool 138. An in- 
crease in pressure may be obsenred top hole by con- 
ventbnal pressure measuring devices upon the landing 
d wAper plug 1 32 m lower end 1 36. 

IS [0020] Continued applkstkn of pressure moves 
stage cementing tool ISStoaeaoondpoeitkxithatpre- 
venU fluid communieatiQn w«hh Iner 122 past stage ce- 
menting tool 138. but allows HuU oommunfcstton from 
Kner 1 22 into the annulus between Kner 122 and lateral 

20 welDore 104. A second Stage of sealant 124b is then 
pumped down drilt string 128 and into Hner 122. Next, a 
second wiper dart (not shown) is pumped down drill 
string 1 28 to land at wiper plug 1 33. After landing, ap- 
plied pressure releases wiper plug 133 and allows it to 

2B be pumped down to, and seal off. liner 1 22 at stage ce- 
menting tool 138. This displacement of wiper plug 133 
causes second stage of sealant 124b to flow through 
stage cementing tool 138 and into the annulus between 
lateral wellbore 1 04. main wellbore casing 1 06. and liner 

30 1 22 Up to a top portion 1 34 ol Kner 1 22. positk)ning seal- 
ant 124b throughout junctkxi 100. OrKe wiper plug 133 
lands at stage cementk>g tool 1 38. continued applcation 
of pressure moves stage cementing tool 138 to a third 
positkxi, preventing further circulatkxi or baefcflow ol 

35 sealant 124b. 

[0021] Sealant 124b is preferably a specialized mul- 
titateral junction cemenlitk3us sealant, or a specialized 
multitateral junctkm etastomeric sealant A preferred ex- 
an^le of such a cementitous sealant is M-SEALd sold 

40 by Halliburton Energy Senrices of Canolllon. Texas. 
Such cementitious sealants are characterized by rela- 
tively k3w ductility and high compressive strength, as 
compared to such etastomeric sealant& A prefened ex- 
ample of such an etastomeric sealant isFLEX-CEM6 

45 aokJ by Halliburton Energy Seivicee of Carromon. Tex- 
as. Such etastomeric sealants are characterized by rel- 
ativety high ductaity and tow compressive strength, as 
corr^red to such cementittous sealants. Altematively. 
conventwnal cement or a conventional hardenable resh 

50 may be used as second stage sealant 1 24b. 

[0022] Referring now to FIG. 3, an enlarged, schemat- 
ic, cross-saciksnal. view of a completkn apparatus 200 
according to a first prelerred embodiment of the present 
nvention is shown disposed within junctkxi 100. Com- 

55 pletkxi apparatus 200 preferably comprises a holtow 
mandrel having a tower packing assembly 202, an upper 
packing assembly 204. and a pressurizatton assembly 
206. Complelion apparatus 200 is preferably coupled to 
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wortc siring 1 28 above a supporting mandrel 1 40 for wip- 
er plugs 1312 and 133, and tower packing assernbly 202. 
upper packing assembly 204. and pressurization as- 
sembty 206 are preferably coupled to each o(her by tool 
joints or otfier conventional means (no< shown). Al- 
ihough no« shown In FIGS. 1 and 2 for ctarity of iHustra- 
lion, liner 1 22 is preferably formed with a no-go shoulder 
1 42 and an annular polished bore receptacle 144 below 
no-go shoulder 142. 

[0023] As shown in FIGS. 3 and 4. lower packing as- 
sembly 202 preferably includes a sea! assembly 205, 
and a no^ sleeve 207 for maii>g with no^ shoulder 
1 42 of liner 1 22. Seal assembly 205 preferably compris- 
es a plurality of annutar sealing elements 206, such as 
oonvantional o-fings or packing devices, and an annular 
8pac9rmentfMr2l0.bolhofwhcharediBpoe6d within 
m miHar recess 212 on the axtamal surface of tower 
packing assenfbly 202. Sealing elements 206 frclk)naRy 
engage poiiehad bore receptacle 144. which is kscated 
on the inner diameter of iiner 122 and generally sur- 
rounds annutar recess 212. Polished bora receptacle 
144 cooperates with annular seating elennents 208 to 
create a flukMight seal. 

[0024] Alternatively, as shown in Fl GS. 3 and 5, lower 
packing assembly 202 may comprise a conventiona) 
packer 220 having slips 222. packing elements 224. and 
actuating means 226. Packer 220 may be hydraufically. 
mechanicatly, or hydraulk^aHy and mechanicady set via 
actuating means 226 so that packing elemenU 224 cre- 
ate a fluM tis^ seal against liner 1 22. As shown in RG. 
S. When conventional packer 220 is used lor tower pack- 
k)0 aflaent>ly 202, iner 122 may be farmed without no- 
go shouktor 142. i desired. 

[0026] Upper packing assefTi>ly 204 preferably has a 
substantially similar structure to tower packing assem- 
bly 202. if seal assembly 205 Is utitoed tor tower packing 
assembly 202. upper packing assembly 204 preferably 
utilizes a similar seal assembly that mates with a pol- 
ished bore receptacle located on the inner diameter of 
liner 122 below iner hanger 130. If packer 220 is used 
for lower packing assembly 202. upper packing assem- 
bly 204 preferably utilizes a similar packer designed to 
operate within the inner diameter of liner 1 22 proximate 
liner hanger 130. However, as shown in FIG. 3, upper 
packing assembly 204 does not require a no^ sleeve. 
[0026] Referring now to FIOS. 3 and 6. an enlarged, 
schematic, cross-secttonat view of pressurizatton as- 
sembly 206 is illustrated. Pressurizatton assembly 206 
preferably comprises an a tower aub 2S0. an upper sub 
252 removably coupled to tower sub 250. and a sealing 
sub 254 disposed within tower sub 250. 
[0027] Ixmer sub 250 preferably includes internally 
threaded ports 256a and 256b that provkle a fluki com- 
municating path between an axial bore 258 of lower sub 
250 and an annukis 146 (FIG. 3) defined by an external 
surface 260 of pressurizatton assembly 206. an internal 
surface of tinar 122, tower packing assefTi>ly 202, and 
upper packing assembly 204. Gonventtonal mpture 



dsks 262a end 262b are preferably removably con- 
tained in ports 256a and 256b. respectively. When con- 
tained in ports 256a and 256b, rupture disks 262a and 
262b create a nuid light seal between the interior of pres- 

5 Gurizatkxi assembly 206 and annutus 146. A preferred 
njpture disk for rupture disks 262a artd 262b is the disk 
sow by Oklahoma Safety Equipment Company (OS- 
ECO) of Broken Arrow, Oklahoma. 
[0028] Although noi shown In FIG. 6. other conven- 

10 tkx>al flud bypass devices other than a njpture disk, 
such as a baB drop circulating valve, an internal pres- 
sure operated circulating valve, or other conventional 
circulating vah/e may be operatively coupled with ports 
256a and 256b. A preferred internal pressure operated 

IS circulating valve is the IPO Ciiculatff>gVblve sold by Hal- 
libunon Energy Servtoes of Carrolllon. Texas. AO of - 
these fluto bypass devtoes, inckiding nipture disks 262a 
and 262b, have a first mode of operatton that does not 
eltow nuto to ftow through ports 256a and 2S6b into an- 

20 nulgs 146.andasocorKJmodeof operatkx^thataOows 
fluki to ftow throu^ ports 256a and 256b into annulus 
146. 

(0029] Lower sub 250 also preferably includes ports 
264a ar>d 264b. Each of ports 264a and 264b provkto a 

2S flukJ communicating path between the intertor ol pres- 
surizatkx> assembly 206 and annulus 146. Axial bore 
256 pref e rably has an arv^ular shoutoer 265 and threads 
267 disposed above ports 264a and 264b. 
[0030] Sealing eub 254 preferably includee an annu- 

30 lar supporting member 266 arKl an annular, etastomeric 
sleeve 268 coupled to a lower end of supporting mem- 
ber 266. Sleeve 268 is preferably adhesively coupled to 
supporting mennber 266 atong a portfan 270 and shoul- 
der 272 of support memt>er 266. When coupled togeth- 

36 er. supporting member 266 and sleeve 268 define an 
axial bore 274 mi an extendi surtace 276. External 
surface 276 has an annular recess 278 prcxfrnale ports 
264a and 264b; a shooWer 280 for mating with shoutoer 
265 of tower sub 250. and an annular stol 282 above 

40 annutar recess 278. An o-rtng 284 Is disposed in stot 
282 and creates a flukl tight seal between sealing sub 
254 and tower sub 250. In He undefleded positton. as 
shown 'w\ FIG. 6. a tower end 266 of sleeve 268 creates 
a fluti tight seal against axial bore 258 of tower eub 250. 

45 [0031] Upper sub 252 preferably Includes an axial 
bore 288, m external surface 290. and a tower end 292. 
External surface 290 preferably includes an annular 
shouWer 294 for mating with tower sub 250, an annular 
stot 296. and threads 298 for removably engaging 

60 threads 267 of tower sub 250. An o-fing 300 is disposed 
within annular stol 296 to create a flukl tight seal be- 
tween tower sub 250 and upper sub 252. Lower end 292 
abuts support men^r 266 of sealing sub 254. 
p)032] Having descrbed Ihe structure of completton 

ss apparatus 200. the operatton of completton apparatus 
200 so as to complete junction 100 win nowbe described 
in greater detail. Referring to FIGS. 1-6 in combinatton. 
after wiper plug 133 is landed at. and seals off. stage 
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comonting tool 1 38. work string 128 is pulled above top 
poftion 134 of Iner 122. Exeess eealanl wittiin work 
suing 1 28 and above top portion 1 34 o* finer 1 22 is then 
circulated out of the weD. 

[0033) Next, work string 128 is run into liner 1 22 untU 
no-go sleeve 207 of lower packing asserrtbly 202 con- 
tacts no-go shoulder 142 ol Nner 122. At this point, a 
flukl tight seal is created between seal assembly 205 of 
lower packing assen^ty 202 and polished bore recep- 
tacle 144 ol liner 122. Altemathrery. H packer 220 is uti- 
lized as lower packing assen^iy 202, packer 220 is set 
to create a fluW light seal against liner 122. Also at this 
pofril. a flukj tight seal ia created between upper packing 
assembly 204 and finer 122 n a manner eubstantially 
stmibr to that descri)ed Immediately above (or lower 
packing assembly 202. Noijoshoukter 142 ol Ibier 122 
is poshnned within lateral weifaore 104 so that lower 
poHung assembly 202 is located betow wvindow 120, 
and so that upper packing assemWy 204 is k>cated 
above window 120. within junctksn 100. 
[0034] When tower packing assembly 202 and upper 
packing asserrtbly 204 use seal assemblies 205. the 
pressure on the drilling mud, water, or other fluid already 
within annuhjs 146 will Increase as tower packing as- 
sembly 202 and upper packing assembly 204 seal 
against liner 1 22. Before no-go sleeve 207 engages no- 
go shoulder 142. such an increase in pressure, applied 
across the differential areas of tower packing assembly 
202 and upper packing assembly 204. may cause a hy- 
draulic kJCk effect preventing furlher insertion o* work 
string 1 28 into liner 1 22. In addrt ton, when tower packing 
assembly 202 and upper packing assembly 204 use 
oonventtortal packers 220, a simitar hydraulic took etlect 
may create problems for conventional packers 220 that 
emptoy a downward setting moUx>. 
[0035] However, such an Increase in pressure b re- 
lieved by sealing sub 254 of pressurizatton assembly 
206 h the folk>wing manner. Due to the increase in pres- 
sure. fluW enters ports 264a and 264b to the point where 
h fills annular recess 278. The pressure in annular re- 
cess 278 builds 10 the point where tower eruJ 2B6 of elas- 
tomeric sleeve 268 temporarily deflects inwardly, un- 
sealing from axial bore 258 of kjwer sub 250. Such un- 
sealing altows fluto to ftow from annular recess 278 into 
the Wertor of pressurizatton assembly 206, reducing the 
pressure h annulus 146 and eliminating the above-de- 
scribed hydraulic tock problems. 
[0C36] Next, a fluto tight seal is created proxlriwte the 
end of work string 128 betow tower packing assembly 
202. Such a flukJ tight seal is preferably formed using a 
wire-line plug, by pumping a plug down work string 128, 
Of other conventionai techniques. A prelened ptog is the 
X-tjOckO Rug soW by Halltourton Energy Sorvtees of 
Carrollion. Texas. 

[0037] Nsxt a fluto such as water or drilling mud is 
pumped down work suing 1 28. Due to the flukJ tight seal 
created by the plug at the end worti string 128. the pres- 
sure v«thin pressurizatton assembly 206 is increased to 



the point v^ere nipture disks 262a and 262b rupture. 
The rupturiig of rupture disks 262a and 262b places the 
htertor of pressurizatton assembly 206 in fluto oonunu- 
nicatton with annulus 146 via ports 256a and 256b. Al- 
temativoly. it a fluW bypass device other than ojpture 
disks are utilized, such pressurization causes the fluid 
bypass device toenter its second mode of operation that 
altows nuW to ftow through ports 256a and 256b to an- 
nulus 146. 

[0038] Next, the pressure within work string 1 26. and 
thus annulus 146. is preferably continuously and grad- 
ually kicraasad so as to plastically deform the portton of 
finer 122 between tower packing assembly 202 and up- 
per packkig assembly 204 radtetUy outward toward win- 
dow 1 20. main wellMro easing 1 06. and lateral welbore 
104. It wiU be appreciated that if a cemerHittoutt sealant 
or oonventtonal cennertf Is used for sealant 124 proxl- 
mate junction 100, such defoimatton of finer 122 must 
occur before the cementittoua sealant or cement haid- 
ens. However, if an etastomeric sealant is used for seal- 
ant 124 proximate junction 100, such deformatton may 
occur before, or after, the etastomeric sealant hardens 
due to the ductility of the sealant. • 
[0039] Such deformatton cf liner 1 22 provtoes signH- 
kant advantages in the completionofiunctton 100. First 
as Hner 122 is deformed radially outward, sealant 124 
n the portton ol the annulus between liner 122. rriain 
welttxxe casing 106, and lateral weDbore 104 within 
junctfen 100 is placed in oompresston. Such oomprea- 
sk)n provkies a higher pressure rating for Junctton 100 
during subsequent completwn or productton operattons 
in the multilateral well. 

[0040] Socond,becausewindow120i6definedbylhe 
intersectton of cylMrical main wellbore casing 106 and 
generally cylindrical tateial weltoore 104. window 120 
has a generally eWptteal shape, with a major axis gen- 
erally parallel to the tongitudaial axis d man wellbore 
casing 106. Therefore, the outward deformatton of liner 
1 22 works to dose the joints or gaps between liner 1 22 
and window 120 present at the top and bottom of win- 
dow 1 20. Such jotfit closure in turn minimizes leak paths, 
and thus leaks, within junctton 100. In situations where 
the outwaid defonnatton of liner 1 22 may result in metal 
to metal contact of liner 122 and window 120, it is pref- 
erable to use a reinforced liner 122 to insure that any 
jagged or sharp edges on window 120 do not piefce liner 
122. 

[0041] Third, the outward deformatton of liner 1 22 in- 
creases the inner diameter of liner 122. This increase in 
rvter diameter results in a larger ftow path for petroleum 
from lateral weltoore 104. increasing the productivity of 
the well. This increase in toner diameter also results In 
a larger ctoarance for downhde tools to enter and exit 
bteral wellbore 104 during subsequent completton or 
production operattons. 

[0042] It will be appreciated that after liner 122 has 
been deformed radially outvward via hydraulk; pressure 
as described hereinabove, a second work string with a 
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sizing mandrel may optiooaDy be run down main well- 
bore casing 106 end through junction 100 to insure ad* 
equate deformation of Iher 122. 
[0043] Referring now to FIG 7. an enlarged, schemat- 
ic, top sectional view o( an attemate lateral liner 122a 
that may be used in connoction with completion appa- 
ratus 200 is illustrated. Lateral liner 1 22a is forrrxjd with 
a grooved internal surface 500 and a grooved external 
surface 502. Liner 1 22a thus preferably has a cross-sec- 
tion 504 resembling a bellows. The geometry of grooved 
surfaces 500 and 502 tacititate the outward deformation 
o( liner 122a at tower pressures. A lower pressure re- 
quiren^l lor the outward deformation of liner 122a in 
turn reduces the risk of failure of the seals created by 
tower packing assembly 202 and upper packirtg assem- 
bly 204. In additton . as compared to a iner with a gen- 
erally cylindrical croee-eection. fkm 122a provWes a 
larger, expanded outer diameter f roni a smaller, unde- 
fonned, run in outer diameter As shown In FIG. 7. 
grooved surfaces 500 and 502 preterabi/ comprise 
grooves having a •shusodaJ' cross-eectton. However, 
grooved surfaces 500 and 502 may altematively com* 
prise grooves having a 'saw tooth', "square tooth", or 
other crcss-secttonal geometiy. In addition, preferably 
only the portton of finer 1 22a between tower packing ss- 
sernbly 202 and upper packing assembly 204 is formed 
with grooved extemal surface 502, and the remainder 
of liner 122b is fomned with a generally cylindrical exter- 
nal surface. 

[0044] Referring now to FIG. 8. an enlarged, schemat- 
ic, cross-secttonal, view of a packing assembly 600 and 
a liner 602 according to a second, preferred erhbodl- 
ment of the present inventton are shown dispoood with in 
junction 100. Packing assembly 600 Is preferably cou- 
pled to work string 12B above supporting mandrel 140. 
and packing aesembly 600 preferably has a substantial- 
ly denttoal stnjcture to upper packing assembly 204 of 
oompletton apparatus 200. Uner 602 is preferably com- 
prisad of an upper sectton 604. a lower sectton 606. and 
a tool joint or other conventtonal coupling mechanism 
608 coupling upper sectton 604 and tower sectton 606. 
Altematively, liner 602 can be machined to have upper 
sectton 604 and tofwer sectton 606. without the need for 
a coupling mechanism 608. 
[0045) If seal assembly 205 Is uUUzed for packing as- 
sembly 600. liner 602 preferably includes a polished 
bore receptaetoSIO tocatedon the inner diameter of lin- 
er 602 betow liner hanger 1 30. If packer 220 is used for 
packing assembly 600. polished bore receptacle 610 
may be eliminated, if desired. 
[0046] As shown in FIG. 9A. upper sectton 604 and 
lower section 606 are made from the same material or 
casinggrade. By wayof Mlustrattononly. bothupper sec- 
tton 604 and kywer section 606 may be made of casing 
grade API H-BO, whtoh has a yiaU strength of approxi- 
mately 80.000 psi (552 MPa). Upper sectton 604 pref- 
erably has a generally cylindrical axial bore 610 and a 
generally cylindrical extemal surface 61 2. Lower section 



606 preferably has a generally cylindrtoal axial bore 61 4 
a generally cylindrical extemal surface 616. However, 
upper section 604 has a wall thickness 61 8 smaller than 
a wall thickness 620 of lower section 606. 

5 [0047] As shown in FIG. 9B. upper section 604a pref- 
erably has a genemlly cylindrtoal axial bore 610a and a 
generally cylir^dricat external surlace 61 2a. Lower sec- 
tion 606a has a generally cylindrical axial bore 614a a 
generally cylindrical extemal surface 616a. Upper sec- 

10 tion 604a has a watt thtokness 61 8a substantially kton- 
tical to a waU thtokness 620a of k>wer section 606a. 
However, upper sectton 604a and tower sectton 606a 
are made from different materials or casing grades. 
More specifically, upper sectton 604a is made from a 

IS material or casing grade having a tower yield strength 
than the material or casing grade of tower sectton 606a. 
By way of Htostratton only, upper sectton 604a may be 
made from casing grade API K 55, whtoh has a ytokJ 
sUength of approxtoiately 55,000 psi (379 MPa). and 

20 tower sectton 606a may be made of casing grade API . 
N-80. whtoh has a ytoto strength of approximately 
60.000 psi (552 MPa). 

[0046] In FIG. 9A, upper section 604 may also be 
made from a casing grade having a tower yie to strength 

2S that the casing grade used to make lower aection 606. 
Although not shown In FIG. 9B. upper section 604a may 
ateo be fonned with a smaller wall thickness 616a than 
wall thickness 620a of tower sectton 606a. 
[0049] It is believed that by varying the wall thickness 

30 and/or casing grade of upper section 604 relative to the 
wall thtokness and/or casing grade of tower sectton 606. 
as descrtoed hereinabove, the design of liner 602 may 
be optimized so that for a given internal pressure, upper 
sectton 604 plaaticatly deforms in a radially ouhward di- 

3S rectton, and tower sectton 606 does not exhibit substan- 
tial lacfial deformatton. 

[0050] Having descrtoed the structure of packing as- 
sembly 600 and Uner 602. the operation of these appa- 
ratus so as to comptete jurKlton 100 will now be de- 

40 scribed in greater detail. Ftef erring to FIGS. 1 . 2. 4. 5. 8, 
9A. and 9B in combination, after wiper plug 1 33 is land- 
ed at. and seals off. stage cementing tool 138. work 
string 128 is pulled above top portion 134 of liner 602. 
ExcQSS sealani within work string 128 and above top 

45 portion 1 34 of liner 602 is then circulated out of the weQ. 
IP061] Next, work string 1 26 is oin into liner 602 until 
seal assembly 205 of packing assentbly 600 creates a 
ftuto tight seal against polished bore receptacle 610 of 
liner 602. An increase in pressure nnay be obsen^ed top 

so hole by conventional pressure measuring devtoes when 
seal assembly 205 is properly seated against polished 
bore receptacto 610. Alternatively, il packer 220 is uti- 
lized as packing assembly 600. packer 220 is set to cre- 
ate a fluid tight seal against liner 602 betow Uner hanger 

ss 130. 

[0062] Next, a fluto such as water or drilling mud is 
pumped down work strtog 1 28. Due to the flu to tight seal 
created by packing assembly 600 against Imer 602, ftuto 
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eventually fills all ot linof 602 boJow packinQ assembly 
600 down to wiper plug 1 33 sealed in stage cementing 
tool 138. The pressure within wofV string 128. and thus 
Iner 602, is preleiably continuously and gradually in- 
creased 6o as to plastically deform upper section 604 
radtaDy outward toward window 120. the portico ol main 
weDbore casing 106 proximate window 120. and the por- 
tion ol lateral wellbore 104 proxinnate window 120. As 
the deformation of upper section 604 occurs, lower sec- 
tion 806 praferabV does not exhibit substantial radial 
deformation. 

[0053] Such deformation of upper section 604 pro- 
vides substaitially Ihe same, significant advantages in 
the oomplelion of junction 100 as described herein- 
above tor completion apparatus 200. In addrtion. upper 
sectione04 may be formed with an external surface 61 2 
simitar lo giooved external surface 502 of RO. 7. ft de- 
sired. 

(00541 Referring now to FIG. 10, an enlarged, sche- 
matic, top sectional view of an allemate lateral liner 700 
that may be used In connection with completion appa- 
ratus 200, or in the upper section 604 of liner 602. is 
illustrated. Uner 700 has an interior croes-section 702 
made from steel, steel alloys, plastic, or other generally 
non-elastomeric nwterials conventionally used for later- 
al liners. Interior cross-section 702 has an axial bore 
704. Liner 700 further has an exterior cro^s-eection 706 
made from rubber or another conventional elastomeric 
material. When Dner 700 is sunounded by sealant 124 
and plastically detonned as described hereinabove, ex- 
terior cross-section 706 insures an adequate seal of 
Junction 100. Altematlvflly. liner 700 may be plastically 
deformed as described hereinabove but without the use 
of sealant 124 In certain completions In such comple- 
tions, exterior cross-section 706 itself seaJs against win- 
dow 120. main weUbore casing 106. and lateral weflbore 

104. 

[0055] From the above, one skilled in the art wiU ap- 
preciate ttiat the present invention provides improved 
apparatus and methods for completing wellboree The 
present invention provides such improved completion 
without inhibiting the amount or rate of well production, 
or substantially increasing the cost or complexity of the 
completion of the welbore. Significanily. the present in- 
vention allows the operations ol running a lateral liner, 
sealing a lateral liner, and plastically defomting a laterat 
imer to be accomplished in a single downhole trip. The 
apparatus and methods of the present invention are 
economical to manufacture and use in a variety erf down- 
hole appHcatione. 

[0056] The present invention is illustrated herein by 
example, and various modifications may be made by a 
person of ordinary skiD In the art. For example, numer- 
ous geometries and/or relative dimensions couM be al- 
tered to accommodate specHk: applications of the 
present invantkxi. As another example, alhough the 
present inventton has been described in connection wHh 
the completion of a junction between a main wellbore 



and a lateral woUbore in a multilateral well, it is luOy ap- 
plicable to the completion of a junction between a lateral 
wallbora and a second laterat weltxxe extending from 
the lateral wenbore. to completkxi operattons performed 
s n other portions of a lateral wettoore other than such a 
junction, to oomplelion operations performod in other 
portions of a main wellbor e. to casing repair oporations. 
or to window ckxures. 

[0067] It is thus befioved that the operation and con- 
10 stfuction of the present inventkxi will be apparent from 
the foregoing doscriptioo. Whilo the method and appa- 
ratus shown or described has been characterized as be- 
hg preferred it will be obvious that vartous changes and 
modificattons may be made. 

IS 

Clalme 

1. Aoon^letlon apparatus for coupling toawortc string 
so (128) and for use within aimer (122) of a weDbore, 

corr^ing: a first packing assembly (202) tor cre- 
ating a flukJ tight seal against the liner (122); a sec- 
ond packing assembly (204) for creating a second 
fluid tight seal against the liner (122); and a pras- 
es surization assembly (206) disposed between the 
first and second packing assemblies (202,204). 

2. A completon apparatus according to claim 1, 
wherein the pressurization assembly (206) com- 

30 prises a port (256a.256b) opening to an annulus 
(1 46) defined by the pressurizatkjn assembly (206). 
the liner (122). the first packing assembly (202). and 
the second packing assembly (204). 

w 3. A oompletkan apparatus according to claim 2. fur- 
ther conning a fhjid bypass devtee operatlvely 
coupled with the port (256a.266b) for not altowing 
fluid communication with the annulus (146) in a first 
mode of operatk)n. and lor alk>wing hydraulic pres- 

40 eurizal ton of the annuhis (146) in a second mode of 
operation. 

4, A completion apparatus according to claim 3. 
wtterem the pressurization aseembly (206) com- 
45 prisesa second port (264a,264b) anda sealing sub 
(254) operatlvely coupled with the second port 
(264a.264b) for relieving preseure in the annulus 
(1 46) when the first and second packing assemi/lles 
(202,204) are sealed against the liner (122). 

50 

6. A connpleikjn apparatus according to claim 3 or 4, 
wherein the hydraulic pressurizatton of the annulus 
(146) causes a portion of Ihe liner (122) between 
the first packing assembly (202) and the second 
65 packing assembly (204) to deform in a radiaOy out- 
ward direction. 

6. A completion apparatus according to claim 3, 4 or 
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5, wherein the fluid bypass device comprises a rup- 
ture disk (262a«262b). 

7. A completion apparatus accoixiing to any preceding 
claim, wherein the liner (1 22) is adapted to be dis- s 
posed within a junction (100) between a main well- 
bore (102) and a lateral weilbore (104) in a multilat- 
eral well. 



15. A method according to claim 1 3 or 1 4, Mierein the 
first and second packing assemblies (202.204) 
con^rise seal assemblies that mate with polished 
bore receptacles (144) located in the liner (122). 

16. A method according to claim 13. 14 or 15. wherein 
the rirst and second packing assemblies (202.204) 
compriso packers. 



6. A completion apparatus according to any preceding 
claim, wherein the first and second packing assem- 
blies (202,204) compriso seal assemblies that mate 
with polished bore receptacles (144) hxated in the 
lvier(122). 

0. A completnn apparatus according lo any preceding 
claim, wherein the first and second packing assem- 
blies (202.204) comprise packers. 

1 0. A complelkin apparatus according to any preceding 
claim, wherein at least a portkan of the liner (122) 
has grooved internal and external surfaces. 

1 1 . A completkxi apparatus according to any preceding 
claim, wherein at least a portkxi of the liner (122) 
has an interior croes-sectton made from a generally 
non-elastomerc material, and an exterior cross- 
seetkjn made from a generally elastomerK material. 

12. A completnn apparatus according to any preceding 
claim, wherein the weilbore is a lateral welUxve 
(104). 

13. A method of completing a welbore. comprising the 
Steps of: disposing a lff>er (122) in a weilbore; cou- 
pling a erst packing aasenibly (202). a pressurize- 
Hon assembly (206), and a second packing assem- 
bly (204) to a worti string (128); oinning the work 
string (128) into the liner (1 22); creating a fluid tight 
seal between the first packing assembly (202) and 
the liner (122); creating a flukJ tight seal between 
the second packing assembly (204) and the liner 
(122); punning flukl down the work string to the 
press'urizaltoo assembly (206); utilizing the pres- 
surization assembly (206) and the flukl to pressu- 
rize an armulus (146) deHned by the pressurization 
assembly (206). the liner (122). the first packing as- 
sembly (202). and the second packing assembly 
(204); and increasing a pressure in the annulus 
(146) so as to delorm the liner <122) in a radially 
outward directkyi. 

14. A method according to claim 13. wherein the utiSz- 
ing step comprises actuating a fluid bypass device 
in the pressurization assembly (206) to provkle a 
fiukl communkating path t>etween an mterior ol ihe 
pressurization assembly (206) and the annulus 
(146). 



10 17. A method according to claim 13. 14, IS or 16. 
wherein at least a portion of the liner (122) has 
grooved mtemal and external surfaces. 

ia A method aocording to any one of datms 13 to 17. 
IS further comprising the step of flukfly sealing the 
wori( string (128) prcocmte the first packing assem- 
bly (202). 

10. A method according to any one of claims 13 to 16. 
20 wherein the step of disposing the liner (122) com- 
prises: coupling the Hner (122) to en end of the work 
string (1 28); and njnning the woric string (128) into 
the weilbore. 

2S 20. A method acoorcfinglo claim 19, further comprising 
the step of disposing a sealant (124) in a secor>d 
annulus defined by the liner (1 22) and the weilbore. 

21. A method according to claim 20 wherein the step of 
30 disposing sealant (124) comprises pumping sealant 

through the work string (128), the second packing 
assembly (204). the pressurization assembly (206), 
the first packing asserhbly (202). and the liner (1 22). 
and »^to the second armutus. 

3$ 

22. A method according to any one of dalnrtt 13 to 21 , 
wherein at least a portion of the liner (122) has an 
interfor cross-eectwn made Irom a generally non- 
eiastomerk: nnateriai. and an exterior cross-secton 

40 made from a generally etastomeric material 

23. A noethod according to any one ol claims 13 to 22. 
wherein the disposing step comprises disposing the 
liner (122) in a junctkjn (100) between a main well- 

4S bore (102) and a lateral welbore (104). 

24. A method according to claim 23. wherein the run- 
ning step comprises running the work siring (128) 
into the liner (122) until Ihe first packing assembly 

SO (202) is disposed alter the junction (100) and the 
second packing assembly (204) is disposed before 
the junction (100). 

25. A method ol completing a woBbore. comprising the 
ss steps of; disposing a liner (602) in a weltoore. ihe 

liner (602) having a first sectton (604) and a second 
section (606). the first section (604) being defornv 
able in a radially outward directkxi at a k)wer pres- 
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sure than the second section (606); coupling a 
packing assenibly (600) to a woric string <1 26); run- 
ning the work siring (128) Wo the liner (126); cre- 
ating a fluid tight seal between the packing assem- 
bly and the liner (602); pumping fluid down the work 
string (128) to pressurize an interior of the liner 
(602) after the packing assembly (600); and in- 
craasing a pressure in the interior ol the liner (602) 
to as to deform the first sectton (604) of the liner 
(602) m a radially outward direction. 

26. A method according to claim 25, wheroln the first 
section (604) and the second section (604) are 
made from an identical casing grade, and the first 
section (604) has a smaBer wall thicknass than the 
second section. 

27. A method according to claim 25, wtierein the first 
section and the second sectkyi (604.606) have an 
kienttcal wall thnkness. the first sectkm (604) is 
made from a first casing grade, and the second sec- 
tfon (606) is made from a second casing grade hav- 
ing a yleW strength higher than the first casing 
grade. 

2a A method according to claim 25, wheroin: the first 
sectwn (604) is mado from a first casing grade and 
has a firet wall thtekness; and the second soctkxi 
(606) is iTwde from a second casing grade havkig 
B higher yieti strength than the first casing grade, 
and the second seclksn (606) has a second waB 
thickness greater than the first wall thickness. 

29. Amothodaccortfingtoanyoneof claims25to28. 
wherein the packing assembly (600) comprises a 
seal assen^ty that rrwles with a polished bore re- 
ceptacle (610) tocatod in the liner (600). 

30. A method according to any one of claims 25 to 29, 
wherein the packing assembly (602) comprises a 

packer 

31. A method according to any one of claims 25 to 30. 
¥«herein at least a portkxi of the first 69ctk)n (604) 
of the liner (602) has grooved internal and external 
suriaces. 

32. A method according to any one of claims 25 to 31. 
wherein the step of disposing the liner (602) com- 
prises: coupling the l»ier (602) to an end of the work 
string (128); and ninning the work string (128) into 
the wellbore. 

33. A method according to any one of claims 25 to 32, 
further comprising the step of disposing a sealant 
(124) in an annulus defined by the liner (602) and 
the wellbore. 



34. A method according to claim 33, wherein the step 
of disposing sealant ( 1 24) comprises pumping seal- 
ant through the wort< string (128). the packing as- 
sembly (600), and the liner (602), and into the an- 

5 nuhis. 

35. A method according to any one of claims 25 to 34, 
wherein the first sectkxi (604) has an interior cross- 
section made from a generally non-eiastomeric ma- 

10 terial, and an exterior cross-section made from a 
generally elastomers material. 

36. A method according 10 any one of claims 25 to 35. 
wherein the disposing step comprises disposing the 

IS liner (602) in a Junctkm (102) between a nein wett- 
bore (102) and a lateral weBbora (104) so that the 
lint section (604) extends throughout the junction 
(100). 

20 37. A method according to claim 36, Wherein the run- 
ning step comprises running the worit string (128) 
hto the liner (602) unti the packing assembly (600) 
is disposed before the jundton (600). 

25 
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